We empirically investigate the dynamic relationship between globalization and CO2 emissions for 87 (high, middle and low-income) countries. We utilize the cross-correlation approach to examine the well-known EKC hypothesis between globalization and environmental degradation. The results validate the inverted U-shaped EKC hypothesis for 16 (approximately 18%) from the high-and middle-income countries only, thereby highlighting that a rise in globalization will decrease carbon emissions for these countries in the future. On contrary, the results also confirm the U-shaped relationship between globalization and environmental degradation for 8% of the countries. The remaining countries do not have a U-or an inverted Ushaped relationship between globalization and CO2 emissions. Policy implications are also discussed.
Introduction
The well-known environmental Kuznets curve (EKC) hypothesis links carbon dioxide emissions with economic growth in the sense that environmental quality initially decreases with increases in economic growth but then improves as the economy grows after reaching a certain threshold level (Grossman and Krueger, 1995) . 1 This hypothesis potentially implies that if the EKC argument holds, the country can prosper without hindering environmental quality (Beckerman, 1992; Bartlett, 1994; . Due to the relevance of the economic and environmental policy implications of this EKC hypothesis, many studies have been conducted with purpose of testing the EKC relationship between economic growth and environmental pollution across many countries. Moreover, the relevance of the effect of globalization on environmental degradation has been studied in the environmental economics literature. Taken together, the studies on the linkages between income level 2 , globalization and carbon emissions have yielded mixed and contradictory results. In fact, the EKC-testing approaches have been criticized (e.g., Harbaugh et al., 2002) for the lack of insights regarding the efficiency/ inefficiency of countries' environmental policies and the inability of those studies to provide causal interpretations of the two pollution-related nexuses: the income-pollution, and the globalization-pollution.
In this context, Narayan and Narayan (2010) highlight that the time series and panel data regression models suffer from the issue of co-linearity or multi-collinearity when adding both the income level and the globalization index in the carbon emissions function. In this context, Narayan et al. (2016) again stress this issue and propose the use of the cross-correlation estimation approach. 3 Motivated by the Narayan et al. (2016) seminal paper which gives a new methodological direction to testing the EKC hypothesis, our study uses the cross-correlation framework to examine the globalization--driven carbon emissions hypothesis for 87 countries categorized into high-, middleand low-income groups. To the best of our knowledge, our study is the first attempt to examine the role of globalization in driving the evolution of CO2 emissions and applying it to many categorized countries.
The issue of linking CO2 emissions with globalization has been one of the passionately debated issues in the disciplines of economics and environmental studies since 1970. The debate on the degradation of environmental quality has produced mixed findings within the time series and panel frameworks (Christmann and Taylor, 2001) . However, it is understood that climate change brings unexpected rain and environmental degradation which are harmful to human beings (Hawken et al., 2008) . It has further been noticed that degradation in environmental quality is not only challenging the quality of life on the globe but also challenging academics, governments and policy makers of the world working in this area (Panayotou, 1997) . On the other hand, globalization has brought a closer integration of developing and developed countries of the world by stimulating investments in innovations and green technology (Dreher, 2006) . Eventually, globalization would enable both groups of economies to grow but at a high cost to the natural environment. 4 The proponents of globalization claim that this phenomenon is not harmful to countries because it contributes to a better environmental quality by lowering CO2 emissions. 5 On the other hand, the 3 A positive (negative) cross correlation between the current level of income and the past (future) level of CO2 emissions indicates that carbon emissions will decline with an increase in income. This characterises the inverted Ushaped thesis. 4 See , Aichele and Felbermayr (2012) , Shahbaz et al. (2015a) . 5 See Christmann and Taylor (2001) , Shin (2004) , Lee and Min (2014) ; Ling et al. (2015) , Shahbaz et al. (2015b) . opponents of globalization claim that it is harmful because it leads to a deterioration in the quality of the environment through increasing CO2 emissions. 6 The opponents also argue that although globalization brings an expansion in the production process, it will degrade the environmental quality if both the production and consumption techniques remain unaltered. Moreover, although globalization boosts economic development particularly in developing economies, it has accelerated natural resource depletion and environmental devastation in those countries (Fridun, 2005; Wijen and Van Tulder, 2011) .
Furthermore, Panayotou (1997) argues that newly industrialized and developing countries are more polluted today than 40 to 45 years ago, compared to developed countries. Although the theoretical nexus between globalization and environmental quality appears to be ambiguous, it seems that advanced economies have blamed developing countries for the growth of pollutionemitting industries. This is because dirty industries in developing economies damage environmental quality which comes in the name of producing greater output and higher employment in those economies. This scenario has also been statistically and clearly justified by the recent report of the World Resource Institute's CAIT Climate Data Explorer (WRI, 2014) . The degradation in environmental quality mainly occurs due to the stupendous shifts in those countries' open economic policies (Panayotou, 1997; Baek et al., 2009) . The loss of greater environmental quality mainly arises in developing nations due to their weak enforcement of environmental rules and regulations and the lax compliance of their pollution-intensive firms in the process of production activity. This implies that globalization enables developing countries to expand their industrial sector at the cost of environmental quality. On the other hand, it is argued that developed countries guard their environmental quality by enforcing stricter environmental regulations (Copeland and Taylor, 1994, 2004; Copeland, 2006; Dean, 2002; Copeland 2005; Baek et al., 2009) ). This concludes that higher economic growth, increasing energy consumption and loose standards of environmental regulations in developing countries are the primary causes of environmental damage.
Given the above background, our study investigates the following important research question: is globalization beneficial for the environment in high-, middle-and low-income countries? Our answers to this question bring two key contributions in two directions: (i) We investigate the crosscorrelation relationship between globalization and carbon dioxide (CO2) emissions for 87 countries categorized into high-, middle-and low-income groups; and (ii) we examine the cross-correlation estimates following Narayan et al. (2016) to understand how globalization and carbon emissions are correlated. This methodological approach is simple to understand and should help to have a critical assessment of the EKC hypothesis existence under the following axiom. If there is a positive cross-correlation between the current level of globalization and the past level of CO2 emissions, and a negative cross-correlation between the current level of globalization and the future CO2 emissions, then CO2 emissions will decline with increases in globalization over time.
Our findings reveal that for only 16 (high (6) and middle (10) income countries) out of the 87 countries in the sample (18%), a rise in globalization is positively and negatively cross-correlated with lags and leads of carbon emissions, respectively. That is, the inverted U-shaped EKC hypothesis supports for the globalization and carbon emissions nexus. On contrary, we find that for only 7 (led by all income categories of high (3), middle (2) and low (2) income economies) out of the 87 countries (8%), there is a U-shaped relationship between globalization and carbon emissions, which indicates that a rise in globalization will eventually increase CO2 emissions in the future. The remaining countries do not show a U-or an inverted U-shaped relationship between globalization and CO2 emissions. On a final note, the overall finding suggests that some high-and middle-income countries in the world have benefitted from globalization due to the larger role this phenomenon plays in improving the quality of the environment by lowering carbon emissions.
Along such lines, the current study discusses key policy implications in the conclusion section.
The remainder of this study is organized in the following ways. Section 2 presents related studies in the literature. Section 3 provides the theoretical understanding, the empirical method and the data description. Both the summary statistics and the results are discussed in Section 4. Finally, Section 5 concludes and provides suggestions of future directions.
Related studies
The Environmental Kuznets Curve (EKC) hypothesis 7 establishes the existence of both linear and non-linear relationships between economic growth and environmental degradation. (Kuznets, 1995; Krueger, 1991, 1995) . Such a defining relationship between economic growth and environmental degradation is called an inverted U-shaped curve. This EKC hypothesis has been criticized by many researches since it does not hold equally across developed and developing countries . This argument again underscores that the findings of the EKC hypothesis across developed and developing countries are mixed and inconclusive in the time series and panel data frameworks. Despite that, many countries have exerted their good efforts in implementing policies towards the protection of environmental health.
As a result, more stringent environmental regulations have been strengthened over the years to protect the environment (Jena and Grote, 2008) . Despite the tireless efforts of developed and developing countries in reducing the environmental consequences on the well-being of human beings through stringent environmental regulations, it seems that people in developed and developing countries suffer significantly from climate change and global warming caused by a higher course of economic development. In this context, most of the literature hypothesizes that globalization can minimize the environmental consequences on developed and developing countries. In such logic, it is argued that trade openness can cause the dynamics of environmental quality (Grossman and Krueger, 1995; . In the study of Grossman and Krueger (1991) , it is further viewed that the effect of international trade on the environment in developed and developing countries truly depends on the kind of policies they implement towards the protection of the environment, irrespective of their levels of economic growth and development.
In such a direction, two contrasting views seem to be prominent about the environmental impacts of trade openness. The proponents of the openness postulate that trade openness not only benefits countries but also provides them with a platform of participation in the international trading market. This access would result in a greater production efficiency of the trade-participating countries by allocating the given scarce resources among the competing uses through a better management. According to Runge (1994) , trade openness provides opportunities to most of the countries on the globe to have a better environmental quality by lowering CO2 emissions through utilizing cleaner technologies in economic activities. Furthermore, trade openness benefits economies in terms of environmental management by enabling them to have access to environmentally sound technology (Jayadeappa and Chhatre (2000) .
Similarly, few studies also argue that a win-loss position is naturally present for developing countries but not for advanced countries because trade openness stimulates economic growth of developing countries more than that of developed countries and in turn deteriorates environmental quality mainly for developing economies (Copeland and Taylor 1994, 2000; Christmann and Taylor, 2001; Copeland, 2005; Shin, 2004) . This suggests that the pollution-haven hypothesis is likely to take place when industries from developed countries enter developing countries under lax environmental regulations. This hypothesis is understood when the growth of these industries happens in developing countries at the cost of environmental health. As a result, developing countries are becoming havens for pollution-intense and dirty industries, whereas developed economies import from the developing countries the products produced with a high pollution content. Moreover, with more opportunities to improve environmental quality, rich countries can sustain a better quality of life. However, the transnational environmental problems affect the global ecologic and economic systems. These environmental problems like global warming, ozone depletion, deforestation and acid rain have cross-border effects, and therefore they affect all countries. Consequently, rich countries might not sustain a higher quality of life due to a deterioration in environmental resources globally. This implies that the nature of economic growth and development created by multinational firms is not environment-friendly (Copeland and Taylor, 2003, 2004) . Given that, it is finally argued by other studies (Shahbaz et al., 2012; Schmalensee et al., 1998; Chaudhuri and Pfaff, 2002 ) that because of trade openness, natural resources are relatively depleted in developed and developing economies.
Despite the relevance of globalization to the evolution of carbon dioxide emissions, there only are few studies available on the nexus between globalization and environmental degradation within the framework of time series and panel data analysis. However, the recent studies of Ahmed et al., (2015) and Ling et al. (2015) have also examined the trade and CO2 emissions nexus but found mixed findings. In a similar vein, Antweiler et al. (2001) have introduced the composition, scale and technological effects within the trade framework. They argue that trade openness improves environmental quality if clean technology is being used in an effective management of the environment where economic activities are taking place. Copeland and Taylor (2003, 2004) Subsequently, Baek et al. (2009) validate the environmental Kuznets curve hypothesis and praise trade openness as the key for environmental quality improvement for 50 developed and developing countries. Saboori et al. (2012) and Ling et al. (2015) find trade openness as one of the factors that help the improvement of environmental quality in Malaysia. Solarin (2014) finds that Malaysia's exports to Singapore deteriorates environmental quality. Chang (2012) argues that the type of pollutants matters in examining the environmental quality effects of trade openness and foreign direct investment in China. Machado (2000) shows that foreign trade is harmful for environmental quality in Brazil. Shahbaz et al. (2012) reveal that environmental quality improvement is the cause of trade openness in Pakistan. In line with environmental quality, Kanzilal and Ghosh (2013) support the trade openness framework for the Indian economy but this is not the case in Tiwari et al. (2013) , which has found that trade openness is harmful to environmental health in India.
Considering the newly developed Dreher globalization index (Dreher, 2006) , few studies have applied this index with its financial, political and social aspects in an international setting. Christmann and Taylor (2001) , for example, consider globalization as a beneficial factor for improved environmental health of China. In their findings, the authors argue that only an effective implementation of environmental quality regulations can bring an improved environmental quality to the Chinese economy. Subsequently, Lee and Min (2014) consider broadly defined globalization as one of the determinants in enhancing the environmental health for developed and developing countries. Shahbaz et al. (2015b) find globalization to be helpful for the Australian economy as far as the environmental quality is concerned. Concerning the Indian economy, Shahbaz et al. (2015a) do not find any positive effects of globalization on environmental quality.
After reviewing the above literature, we have arrived at the conclusion that many studies use trade openness as a proxy for globalization while focusing on its impact on environmental health of developing and developed economies. The only problem with the usage of trade openness is that it just captures the trade intensity while ignoring the financial, political and social aspects of globalization. In such circumstances, it suffers from important limitations. The narrowly defined trade liberalization is unable to produce the dynamic behaviour of environmental degradation happening in developed and developing countries, and thereby it produces mixed evidences. To address this issue, Dreher (2006) has developed the globalization index by using sub-indices covering the economic, political and social aspects of globalization. The Dreher-based globalization is a primary source of engineering sustainable economic growth and development, and thereby it affects environmental quality by influencing CO2 emissions.
Theoretical understanding and empirical method

Theoretical understanding
Before we embark on the empirical strategy used in our analysis, it is crucial to understand the significance of globalization and highlight how it influences carbon emissions through the various channels existing in developing and developed countries in a globalized world. It is also currently believed that this phenomenon is a current economic tool which improves economic growth and welfare through relaxing restrictions on trade and investment flows across country boundaries. But at the same time, there are those who consider globalization as a vehicle that affects CO2 emissions and economic activity via different channels. Having a country engaged in trade and investment activities, then higher amounts of energy usage are required in producing goods and services, which eventually releases more carbon emissions to the environment. Globalization brings an improvement in environmental health by reducing those CO2 emissions through technology and knowledge transfers. For instance, the use of cleaner technology by international firms requires lesser energy and also generates higher economic growth, all without undermining the quality of the environment. Channels such as trade, investment and technology have many implications for the environment and economic activity. First, if a country continues to release a greater amount of CO2 emissions, it then hampers environmental quality by increasing those emissions. Second, environmental degradation depends on the nature of technology that is used in economic activities.
In this case, if firms use dirty, energy-intensive production techniques, then there will be no doubt that economic growth will increase but those techniques will also weaken environmental quality, along with impacting climate change and global warming.
Different dimensions of globalization also command importance in impacting CO2 emissions.
Globalization connects various countries through trade and financial integration. The growth of each economy requires large amounts of energy to stimulate economic growth and increase carbon emissions. Social globalization occurs via connecting personal contacts, information spillover and cultural sharing. For instance, social globalization enables a country to access the environmental management knowhow of other countries. Accordingly, a country will be able to reduce energy consumption generated in the process of economic activities. Subsequently, it helps individuals, and economies as a whole to protect the quality of the environment. The number of embassies and memberships in key international missions and treaties also come under political globalization.
Furthermore, globalization is considered a tool of integration among countries' social and cultural fabrics as well as their institutions that determine the quality of the environment (Tamazian and Rao, 2010) . Tamazian and Rao (2010) also argue that quality institutions through globalization play a significant role in improving the quality of the environment with a strict implementation of environmental rules and regulations. As far as the greater role of globalization is concerned, this phenomenon also affects environmental quality via the scale effect, the technique effect and the composite effect (Tsurumi and Managi, 2010) . Trade openness induces economic growth which requires more energy, and thereby leads to a deterioration in environmental quality. This is termed the scale effect which is visible in the increasing phase of the EKC curve. Globalization through trade openness enables developing economies to import energy efficient hybrid technology from advanced countries, which helps them to reduce energy consumption without undermining their production processes. The reduction in energy consumption will improve environmental quality by lowering carbon emissions. From such a perspective, it can be argued that globalization affects energy demand and enhances environmental quality using energy efficient technology. This is called the technique effect. Globalization through trade changes the structure of production of goods by changing the capital-labour ratio, which affects negatively and positively the environmental quality (Cole, 2006, Jena; Grote 2008) . This is known as the composite effect.
As far as the adverse effect on environmental quality is concerned, globalization deteriorates environmental quality in the industrial phase of developing economies. For instance, if business firms in developing countries do not import and use advanced energy-saving production techniques and do not follow strict environmental rules and regulations, while advancing their growth for profit-making purposes, they will deteriorate environmental health through releasing increased carbon emissions to the atmosphere. Moreover, in the presence of globalized world, environmental quality also deteriorates if the mind-set of the people in developing countries does not change towards ethical environmental quality. As the positive effect of globalization on environmental quality is concerned, this phenomenon improves environmental quality through trade openness. It will also change the production structure only if business firms in developing countries use imported energy-efficient production techniques in the presence of a changing globalized world. Furthermore, globalization helps developing economies to change their production structure from the industrial to the service sector. Since the service sector is less energyconsuming due to the use of imported hybrid energy-efficient technology from the advanced nations, this helps developing economies to improve their environmental quality through trade.
Empirical method and data description
We utilize the cross-correlation approach for EKC testing, as recently applied by Narayan et al. (2016) . The coefficient of cross-correlation (CCC) between globalization ( t G ) and CO2 emissions (E) is as follows: For a short-to a long-run perspective, we estimate the CCC's for k = ∓20 as these lags (20) high, middle and low income countries. In doing so, we use annual time series data over the period 1970-2012 for carbon dioxide emissions and globalization. We show the details the names of the sampled countries in the Appendix (see Table 1A ). Due to the availability of annual data, our final sample includes 87 countries, which are sufficient to do a comparison exercise. For a better comparison, we categorize the sample countries in terms of economic development. This classification is relevant because countries with different fundamentals are at different stages of economic development, and hence the analysis will offer more insights for better policy implications (see summary statistics presented in Table 1 ). Moreover, the concept or the empirical validity of the EKC hypothesis may not be generalized across all countries. With this background, we categorize the 87 countries into the three income country groups: 30, 48 and 9 countries from high, middle-and low-income groups, respectively.
Our study uses the annual data over the period 1970-2012. This period is dictated by the availability of data along with the actual availability of the overall globalization index. 8 Moreover, the annual carbon emissions data are taken from the World Development Indicators (CD-ROM, 2014) which are measured in metric tons and also converted into per capita units by dividing over the total population. Our study uses the overall globalization index as an influential variable in the dynamics of carbon emissions in the context of the 87 countries. For this purpose, we use only the overall globalization index which is estimated by Dreher (2006). 9 4. Descriptive statistics and discussion Table 1 reports the descriptive statistics and the correlation estimates (i.e., unconditional correlation) between globalization and carbon emissions (Column 6). Specifically, it shows the mean and standard deviation of globalization and carbon emissions. The null hypothesis which states that the "unconditional correlation between globalization and carbon emissions is equivalent 8 The overall globalization index data are sourced from the Swiss Federal Institute of Technology, Zurich. This data for all countries is updated annually. 9 In addition, details on the globalization index are discussed in the study of Dreher (2006) . The weighted average of the overall globalization index is maintained by ETH Zurich (http://globalization.kof.ethz.ch/).
to zero" is also tested. The t-statistics are reported in the final column of Table 1 globalization is negatively and significantly correlated with the CO2 emissions. This indicates that globalization on average leads to a decline in carbon emissions in these countries over the period 1970-2012. 11 In the middle income countries, globalization on average is positively (negatively) correlated with carbon emissions in 36 out of the 48 countries, i.e. 75% (6 out of the 48 countries, i.e. 12.5%) but globalization is insignificantly linked with CO2 emissions in 6 out of the 48 countries i.e. 12.5%. In the low income countries, carbon emissions are on average positive for 5 out of the 9 countries or 55.5%, and globalization is negatively and significantly correlated with 10 The classification of the countries into three distinct income groups is based on the recent World Bank Atlas method (https://datahelpdesk.worldbank.org/knowledgebase/articles/906519). 11 In one out of 30 countries (0.3%), globalization is negatively but insignificantly linked with CO2 emissions.
carbon emissions in 33.3% of the sample countries (3 out of the 9 low income countries) 12 . Overall, we note that the correlation between globalization and carbon emission is positive (negative) and significant in 65.50% (25.30%) of all the 87 countries. However, this correlation is positive or negative but statistically insignificant for 9.2%% (or 8 out of the 87 countries). The prime objective of the current paper is to examine whether globalization is positively or negatively correlated with carbon emissions, covering 20 lags and 20 leads of cross correlations.
If globalization is positively and negatively correlated with lags and leads of carbon emissions, respectively, this confirms the presence of an inverted U-shaped relationship between both variables, which supports the Environmental Kuznets Curve (EKC) hypothesis. This hypothesis reveals that globalization is positively linked with carbon emissions initially, but after a threshold level of globalization, CO2 emissions will decrease with increases in globalization, as the technique effect dominates the scale effect 13 . This simply exposes that globalization in the past leads carbon emissions, but in the future it improves environmental quality by lowering carbon emissions. On contrary, if the scale effect dominates the technique effect then globalization is negatively and positively correlated with the lags and leads of carbon emissions, respectively. This shows that environmental quality deteriorates in the future due to massive production, compared to the initial stages of globalization.
The results are reported in Table 2 . The sum of lag and lead correlations is shown in Columns 2 and 4 over the 20 lags and 20 leads. The average of the correlations is reported in Columns 3 and 5 for the 20 lags and 20 leads of CO2 emissions. We note that an inverted-U shaped relationship
13 Please see our theoretical understanding section where we have extensively discussed the role of globalization in affecting environmental quality via the scale effect, the technique effect and the composite effect.
between globalization and carbon emission (as represented by the cross-correlation coefficient) is found in the case of six high-income countries including Cyprus, Finland, Israel, Italy, New
Zealand, and Portugal, and ten middle-income countries including Algeria, Colombia, Ecuador, Iran, Ireland, Jordan, Mexico, Paraguay, South Africa, and Syria (see Figure 1 ). In the statistical sense, Figure 1 indicates that both high-income and middle-income countries support the EKC hypothesis for globalization. This implies that each of the sixteen countries supporting the EKC comes under the high-income and middle-income groups. Again, the finding shows that for each 6 out of the 30 high-income countries (20%) and 10 out of the 48 middle-income countries (20.8%), both high and middle income countries can benefit from globalization to reduce carbon emissions in the future. This highlights that the rise in globalization is positively and negatively cross-correlated with the lags and leads of carbon emissions, confirming the presence of the EKC effect between both globalization and carbon emissions.
This result implies that a rise in globalization will decrease the level of carbon emissions in the future. In other words, it shows that globalization mostly benefits both high-and middle-income countries in terms of improving environmental quality via reducing carbon emissions. From a policy perspective, it is suggestive that the governments of these economies should give top priority to greater trade and financial integration with the rest of the world because of the carbon emissions-reducing effect of globalization as a whole. In addition, policy-makers should also add globalization in the carbon emissions function while designing their sustainable long-run environmental policy. In the statistical sense, Figure 2 shows that for 7 out of the 87 countries (8%) led by (3) high, (2) middle and (2) low income countries, the U-shaped EKC relationship between globalization and carbon emissions exists which indicates an increasing effect of globalization on the CO2 emissions in the future. Similarly, the results for 3 countries out of the 30 high-income countries (10%), 2 out of the 48 middle-income countries (4%) and 2 out of the 9 low-income countries (22%) support the U-shaped EKC relationship between globalization and carbon emissions, indicating that these countries are not benefitting from the wholesale model of globalization as this phenomenon adds to carbon emissions in the future.
In such logic, a key policy implication that emerges from this analysis is that fiscal governments in these high, middle and low income countries should not be too passionate about a massive globalization process because it impedes a sustainable improvement in environmental quality in the long-run by increasing carbon emissions. Moreover, policy advisers should give importance to the environmental consequences of globalization when designing their policies of steadying environmental quality. Hence, it is very important for both environmental policymakers and fiscal governments of these economies to have a better coordination while designing their policies and advancing their global integration with the rest of the countries. 
Conclusions and policy discussions
Although several empirical attempts have been made to study the relationship between globalization and environmental degradation known as the EKC hypothesis, with the application of conventional time series and panel techniques for developing and developed countries, the results have been mixed and inconclusive (Baek et al. 2009; Shahbaz et al. 2015a, b) . Based on this argument, our main contribution in the current paper is that we employ a recently applied cross-correlation dynamic test of Narayan, Saboori and Soleymani (2016) , which examines the nexus between economic growth and environmental degradation by considering the lags and leads of the cross-correlations between those variables. Our attempt postulates that if the current level of globalization is positively and negatively cross-correlated with the past and future levels of CO2 emissions of countries, respectively, then these emissions will decline with an increase in globalization over time, thereby bestowing desired benefits on globalization in terms of improving environmental quality. Such a relationship therefore if exists supports the EKC hypothesis between globalization and carbon emissions.
In addition, the methodology we apply in the current paper can also be seen as an extension of the earlier Narayan and Narayan (2010) approach. Though the Narayan and Narayan (2010) approach tests the EKC hypothesis via comparing the estimated elasticity values, this is not used in this study because of the newer and better methodology used by Narayan et al. (2016) , which is rooted in our study of considering the lags and leads of the cross-correlation between globalization and carbon emissions in order to decide whether the EKC hypothesis exists or not at the international level. In the laymen perspective, it is very easy to implement the cross-correlation test to support or reject the EKC hypothesis. It is also equally interesting that one can discern that the EKC hypothesis is supported for an economy if globalization is positively cross-correlated with past emissions and negatively cross-correlated with future emissions.
Since the environmental consequences of globalization in a connected world seem to be larger than in a segmented world, this has motivated us to investigate the cross-correlation between globalization and CO2 emissions for the 87 high, middle and low income countries using the annually available data. In doing so, our empirical results reveal that for 16 ((6) high-income and (10) middle-income) countries out of the total 87 countries (18.4%), a rise in globalization is positively and negatively cross-correlated with the lags and leads of carbon emissions, thereby supporting the existence of the EKC hypothesis between globalization and environmental degradation for those countries. This implies that for only 18.4% of the total country sample, a rise in globalization would decrease carbon emissions in the future.
On contrary, we find that for 7 out of the 87 countries (8%), led by (3) high, (2) middle and (2) low income countries, the U-shaped relationship between the series holds, which underscores the increasing effect of globalization on environmental degradation in the future, therefore invaliding the EKC hypothesis between globalization and carbon emissions. From these results, we note that out of the 87 sampled countries, only 16 high and middle-income countries are in a position to reduce the level of carbon emissions due to a greater role of globalization, whereas 7 (high, middle and low income) countries do not benefit from globalization as the long as environmental quality is concerned. Finally, the results show that although both high and middle income countries support the inverted-U shaped EKC hypothesis, the carbon dioxide emissions-reducing effect of globalization benefits middle-income countries relatively more, compared with high-income countries. This is probably so because the middle-income countries enable foreign investors to invest and produce output in the host countries. These investors may have been given strict and clean environmental assessments to follow while producing the desired output level. This however may not be the case for the high-income countries, and thus an improvement in environmental quality due to wholesale globalization is much higher in the case of the high-income countries. In this context, this study suggests that those countries should not be de-globalized in the years to come because of their lesser environmental quality enhancing content. Rather the high-income countries should explore the environmental assessment mechanism which can strengthen the strong and positive relationship between globalization and environmental quality in the long-run.
Our key findings show that for almost 16 high and middle economies out of our total sampled countries, a rise in globalization will improve environmental quality by reducing carbon emissions in the future. From a policy perspective, it is suggestive that the fiscal governments of these economies should give top priority to a stronger trade and financial integration with the rest of the world due to the carbon emissions-reducing benefits of globalization as a whole. In addition, policymakers should also add ''globalization'' as a key environmental quality-inducing parameter in the carbon emissions function while designing their sustainable long-run environmental and growth policies.
Our findings further reveal the evidence of a U-shaped EKC relationship between globalization and environmental quality for 7 high, middle and low income countries. From a forecasting point of view, this implies that a rise in globalization will add to carbon emissions in future for these countries. In such case, a key policy implication is indicative of the fact that fiscal governments in these countries (high, middle and low income) should not be crazy about a massive globalization process because it hurts sustainable environmental quality in the long-run by increasing carbon emissions. Moreover, policymakers in these countries should not underestimate the environmental consequences of globalization while designing their policies of maintaining or improving environmental quality.
Based on our overall empirical evidence, we find that the results are mixed across the 87 sampled countries. This implies that for some countries, the EKC hypothesis holds well, while for others it does not hold in our analysis. The key expected question that arises here is: what to do about globalization? Can globalization help the other countries suffering from the pollution consequences of globalization? The root of this question speaks about reality, indicating that globalization is not good for everyone. In this context, our study suggests that those high-and middle-income countries, for which globalization is not good, need to think seriously about the effective process of globalization rather than be too unwise about the wholesale volume of globalization. This is because some of the high and middle income countries in the name of globalization are connecting themselves with the rest of the countries in terms of trade and financial investments. Thus, high and middle income countries eventually encourage a larger set of both domestic and foreign investments in order to produce a greater scale of output at the cost of their sustainable environmental quality. This finally indicates that although globalization stimulates economic growth, but it also impedes improvements in the long-run environmental quality. In this context, the only suggestive way out for high and middle income countries that are suffering from the greater environmental consequences of globalization is that an environmental assessment policy needs to be implemented effectively at their domestic levels before they allow domestic and foreign investors in for the purpose of expanding production and consuming greater energy. As a result, we finally believe that the countries could be escaped from an increasing stage of pollution accompanied by globalization. 
